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Wednesday, February 11, 2015 513awe have proposed the dynamical event and plausible mechanism of complex
formation of Gal3p and Gal1p with Gal80p at the molecular level.
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PED/PEA-15 (phosphoprotein enriched in diabetes/astrocytes, 15 kD) is a
small, non-catalytic, death-effector domain (DED) containing protein, that is
widely expressed in different tissues and highly conserved among mammals.
PED/PEA-15 has been found to interact with several protein targets in various
pathways, including FADD and procaspase-8 (apoptosis), ERK1/2 (cell cycle
entry), and PLD1/2 (diabetes). We have previously reported a surprising
conformational change of PED/PEA-15 DED upon interaction with ERK2 us-
ing NMR dynamics and residual dipolar coupling (RDC) data. In the complex,
PED/PEA-15 utilizes helices a1, a5, and a6 of the DED, in addition to the C-
terminal tail, to binding to ERK2, while helices a2, a3, and a4 are highly flex-
ible in the complex, and adopt a distinct relative orientation comparing to the
free-form conformation. We have additionally modeled the PED/PEA-15 con-
formations in the ERK2 complex using CS/RDC-Rosetta protocol. Based on
our NMR model of PED/PEA-15 complex with ERK2, we propose that the
conserved charge triad motif on DED surface, comprising of D19-R72-
D74L, which is located at a hinge position between these two dynamically
distinct segments, mediates the necessary conformational changes to accom-
modate ERK2 binding. We believe that various conformations of the DED,
facilitated by large number of surface polar interactions, may attribute to its
ability to interact with structurally and functionally diverse proteins.
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The Class A G-protein coupled receptor, GPR18, is a newly de-orphanized
cannabinoid receptor that binds the endogenous ligand, N-arachidonoyl glycine
(NAGly). As part of a larger project to model the interaction of ligands with
GPR18, we undertook the conformational analysis of NAGly. Because
NAGLY is an arachidonic acid derivative and arachidonic acid has been shown
to be highly flexible, we began by investigating the conformational flexibility
of this endogenous ligand. To this end, the Conformational Memories (CM)
method was employed. This method combines Monte Carlo exploration of
the dihedral angle and bond angle space with simulated annealing (MC/SA)
to determine the range of values that each dihedral angle and bond angle is
capable of exploring in a broad temperature range (Whitnell J Comp Chem
2007). Similar to previously reported CM results for arachidonic acid (Bar-
nett-Norris J Med Chem 1998), NAGly’s conformers could be divided into
four groups: linear, U-shape, J-shape, and helical. These results will be used
to explore the binding site interactions of NAGly at GPR18.
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Apicomplexan pathogens present significant health and economic burdens
globally. Species of Plasmodium, the causative agent of malaria, result in
more than half a million deaths annually, with the primary victims being chil-
dren under the age of five. Other organisms in this phylum present a threat to
immunocompromised individuals (e.g., Toxoplasma gondii, Cryptosporidium
spp.) or to the productivity of the livestock industry (e.g., Eimeria spp., Neo-
spora caninum). Autophagy is the process by which cells recycle intracellular
material by encapsulating them in a double membrane bound vesicle, the auto-
phagosome, which then fuses with the lysosome. The autophagy pathway has
been shown to be essential to parasite survival in both Plasmodium and Toxo-
plasma. Autophagy-related protein 8 (Atg8), which is required for the forma-
tion of the autophagosomal membrane, is a ubiquitin-like protein whose
conjugation pathway is conserved in Apicomplexa. Within Apicomplexans,
Atg8 has a conserved loop region not present in human homologues. In Plas-
modium falciparum, this loop was shown to be essential to the interaction be-
tween Atg8 and its E2 conjugating enzyme, Atg3, and may represent a viable
pan-Apicomplexan drug target. We are pursuing this possibility using x-ray
crystallography, SPR, and virtual library screening to identify small compound
drug leads which can then be chemically diversified and optimized. Havingsolved the structure of PfAtg8, we performed two screens against this protein:
a screen of the MMV Malaria box of compounds and a virtual library screen.
We pursued hits from both screens and tested them via SPR against five pairs
of Atg3 and Atg8 homologues: Plasmodium falciparum, Homo sapiens, Cryp-
tosporidium parvum, Eimeria tenella, and Neospora caninum. We have now
also obtained protein crystals for the Atg8 homologues in E. tenella,C. parvum,
and N. caninum, which will facilitate future virtual library screens against these
specific proteins.
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We have used time-resolved EPR and fluorescence to resolve structural transi-
tions of dystrophin upon actin binding. Dystrophin (Dys) is a muscle cytoskel-
etal protein that binds to filamentous actin (F-actin) and the dystroglycan
complex in the sarcolemmal membrane. Dys acts to dissipate mechanical forces
generated during the contraction and relaxation of muscle thereby maintaining
sarcolemmal membrane integrity and protecting from tears. The protein-protein
interactions and allostery underlying this function of Dys have not been well
studied in the context of conformational change and thermodynamics, partly
because acquisition of structural and thermodynamic detail on large and flex-
ible proteins is difficult. Two techniques capable of measuring large-scale
conformational changes are dipolar electron-electron resonance (DEER) and
time-resolved fluorescence resonance energy transfer (TR-FRET). Using a
combination of DEER and TR-FRET, we placed a single label (nitroxide
or fluorescent) in each CH domain Dys ABD1 and subsequently measured
the interprobe distance to assess conformational change upon association
with F-actin. To probe the allosteric network of Dys ABD1, we also subjected
the protein to differential scanning calorimetry.
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Lipocalin-type Prostaglandin D synthase (L-PGDS) catalyzes the isomeriza-
tion of prostaglandin H2 (PGH2) to produce prostaglandin D2 (PGD2), which
acts as a somnogen in the brain. This enzyme belongs to the lipocalin super-
family which consists of transporter proteins for lipophilic substances in the
extracellular space. Our previous studies suggested that L-PGDS is comprised
of a b-barrel structure with a hydrophobic pocket and the active thiol group of
Cys65 is located in this pocket and faces the inside of the pocket. A number
of studies of L-PGDS, as a drug target for treating sleep disorders, have been
reported, in attempts to understand its catalytic mechanism, and several sub-
strate recognition models of L-PGDS have been proposed. However, details
of the mechanism by which L-PDGS recognizes its substrates and products
are obscure, since essential information, such as its binding affinity and stoi-
chiometry of the interactions between L-PGDS and its substrate and product
remains unclear. To address this, the binding properties of the molecule were
examined by isothermal titration calorimetry (ITC) and NMR experiments.
The results of the ITC measurements revealed that, not only the substrate
analog, but also the product bind to L-PGDS in a stoichiometry of 2 to 1
and that L-PGDS possesses two binding sites (high and low affinity sites).
In addition, NMR titration and ITC experiments of L-PGDS mutants indi-
cated that the active Cys65 residue is located at the high affinity-binding
site and plays a critical role in the binding of the substrate and product to
L-PGDS.
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Protein-protein interactions are vital to the proper functioning of numerous bio-
logical systems. Thrombomodulin (TM) is a protein that is involved in the
down-regulation of coagulation induced by the clotting protein thrombin. Com-
plement component 3 (C3) is a vital component of the complement system,
which is involved in innate immunity against bacteria and viruses. However,
dysregulation of C3 can lead to the degradation of host cells. Evidence suggests
that the lectin-like domain of TM (TMD1) may interact with active C3 (C3b) to
inactivate it, thus preventing host cell degradation. The research conducted
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isolation and purification of C3 from bovine blood plasma. A protein pull-down
assay was used to verify that the two proteins interact. To aid in specific immo-
bilization of the TMD1, two lysine residues were converted to methionine by
site-directed mutagenesis via polymerase chain reaction leaving only one
free amine available for future reactions. The wild type and mutant TMD1 pro-
teins were characterized by mass spectrometry and urea-induced unfolding.
The proteins were also both used in pull-down assays with C3. Once interac-
tions are confirmed, hydrogen/deuterium exchange followed by matrix assisted
laser desorption and ionization time of flight mass spectrometry (MALDI-TOF
MS) will be performed to determine which regions of each protein are involved
in binding. Additionally, interactions between the two proteins will be charac-
terized using fluorescence resonance energy transfer (FRET) experiments.
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The Escherichia coli protein RecA catalyzes the strand exchange reaction used
in DNA repair and genetic recombination. Previous studies in our lab have
shown buffer-specific changes in RecA stability and unfolding transitions.
However, these studies suggest only minimal buffer dependent changes in
nucleotide binding and secondary structure that did not explain the large buffer
dependent differences in RecA stability and unfolding profiles. These observa-
tions led to further investigations of how the four common biological buffers
Tris, HEPES, MES, and PO4 alter RecA structure and nucleotide binding.
Here we have employed circular dichroism (CD) and infrared (IR) spectros-
copy to further discern if buffers influence nucleotide binding to RecA. CD
spectra of RecA were obtained in the presence and absence of ADP in each
buffer condition. Laser-induced photolysis of caged nucleotides was used in
conjunction with difference IR to generate RecA-ADP minus RecA difference
infrared spectra in each of the four buffers. These studies detected buffer-
specific changes in nucleotide binding to RecA including possible perturbations
in Gln, Glu, Asp, Asn, Tyr, and Lys residues and unique secondary structural
transitions. These differences between RecA-ADP minus RecA difference
spectra will be discussed.
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The lac repressor protein (lac) is an allosterically regulated transcription factor
which controls expression of the lac operon in bacteria. Binding of a small
molecule inducer to a site 40A˚ away from the DNA-binding domain relieves
repression through what is thought to be local unfolding of the hinge helix.
Despite decades of characterization, our understanding of this allosteric transi-
tion remains incomplete_mostly inferred from partial crystal structures. In prin-
ciple, high-resolution solution NMR could provide detailed structural and
dynamical information unobtainable by crystallography. However, due to
lac’s high molecular weight (70 kDa free, 85 kDa operator-bound), low solubi-
lity, and transient stability, such studies have been limited to the non-allosteric,
isolated DNA-binding domain. We present, for the first time, a high-resolution
solution NMR study of intact wild-type lac in all of its relevant functional
states, including the poorly characterized lac-inducer-operator ternary com-
plex. Non-uniform sampling was employed extensively in order to obtain back-
bone resonance assignments. Our initial results suggest that induction may not
proceed simply through unfolding of the hinge helix but rather involves a more
complex interplay between changes in structure and dynamics. Research sup-
ported by NIH GM102447.
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PLC-bs signal downstream of Gq- and Gi-coupled GPCRs to synthesize two
second messengers, IP3 and DAG, from PIP2. Gi regulates PLC-bs through
its Gbg subunit. The N-terminal PH domain of PLC-b appears to be the
primary Gbg sensor because its deletion abolishes stimulation by Gbg and
because replacement of the PLC-d PH domain by the PLC-b PH domain con-
fers Gbg sensitivity. We find that the isolated PLC-b PH domain inhibits
PLC-b activation by Gbg, suggesting that the PH domain binds Gbg directly.
PLC-b2 is also stimulated by Rac1, and the Rac1 binding site is on an exposedsurface of the PH domain. Simultaneous stimulation of PLC-b2 by Gbg and
Rac1 indicates that they bind non-competitively, thus excluding a large swathe
of PH domain surface as a potential Gbg binding site. Although several PH do-
mains bind Gbg, the PH domain of GRK2 is the only one whose Gbg-binding
surface is known. In PLC-bs, this surface does not overlap the Rac-binding sur-
face, but it is buried against the adjacent EF hand domain, suggesting that Gbg
binding to PLC-b requires significant domain motion. We show that crosslink-
ing the PH domain to the EF hand domain inhibits PLC-b activation by Gbg but
not Gaq, supporting the hypothesis that Gbg binds to an occluded site on the PH
domain to directly regulate enzyme activity. PLC-bs accelerate hydrolysis of
GTP bound to Gaq, and this GAP activity is inhibited by Gbg. PH-EF hand
crosslinking does not alter GAP inhibition by Gbg. This is consistent with
our suggestion that Gbg inhibits the GAP activity of PLC-b and other GAPs
by binding Gaq-GTP, competitively, inhibiting GAP interaction with its G pro-
tein substrate. Thus, Gbg employs distinct mechanisms to regulate different
PLC-b activities.
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Revolutionary advances in cryo-electron microscopy are rapidly driving the
determination of structures of small protein complexes to near-atomic resolu-
tion. Automation of image acquisition together with streamlined image pro-
cessing pipelines now offer the opportunity to localize the binding of ligands
with low molecular weight to their target proteins using largely automated pro-
cedures that could be useful for pharmaceutical drug development. To test the
practicality of this approach, we used automated procedures and advances with
direct electron detectors to localize ADP (427 Da) and other small ligands on
glutamate dehydrogenase, a clinically significant 365 kDa enzyme that is a rele-
vant pharmaceutical target for cancer and diabetes.
Data from 385 images from a single specimen in a single session recorded on a
Falcon II detector using EPU data collection software provided enough infor-
mation to localize ADP in the ligand-protein complex at ~ 4.5 A˚ resolution.
The validity of the results was confirmed by comparison with the crystallo-
graphic coordinates of the GDH-ADP complex. Using these methods we
were able to localize the binding site of other physiologically relevant ligands
in different conformations of the enzyme. These methods thus provide a
streamlined path to localize nucleotides and other low molecular weight.Protein Folds
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Ikbae Son.
University of Toronto, Toronto, ON, Canada.
We describe a statistical thermodynamics-based approach to analyzing urea-
dependent volumetric properties of proteins. The analysis produces the ther-
modynamic properties of elementary reactions in which a urea molecule
interacts with a protein while also yielding an estimate of the effective
solvent-accessible surface areas of the native and unfolded protein states.
We carried out high precision measurements of the partial molar volume
and adiabatic compressibility of lysozyme, apocytochrome c, ribonuclease
A, and a-chymotrypsinogen A at 25C as a function of urea. The resulting
volumetric data were analyzed within the framework of a statistical thermo-
dynamic formalism. Lysozyme remains folded, while apocytochrome c is
unfolded between 0 and 8 M urea. In contrast, ribonuclease A and a-chymo-
trypsinogen A exhibit urea-induced unfolding transitions. Thus, our data
permit us to characterize urea-protein interactions in both the native and
unfolded states. We interpreted the urea-dependent volumetric properties of
urea in terms of equilibrium constant, k, and changes in volume, DV0, and
compressibility, DKT0, for an elementary reaction of urea binding to protein
with a concomitant release of two water molecules from its hydration
shell. Comparison of the values of k, DV0, and DKT0 with the similar data
obtained for small molecules mimicking protein groups reveals the lack of
cooperative effects involved in urea-protein interactions. Urea-dependent
volumetric data enable one to evaluate the extent of solvent exposure of
protein groups in both the native and unfolded states. We emphasize that
the volumetric approach offers a practical way for evaluating the effective
solvent accessible surface area of biologically significant fully or partially
unfolded polypeptides.
